Introduction
Vitamin D, commonly referred to as the 'sunshine vitamin' is required for the preservation of calcium and phosphate blood levels and hence the maintenance of bone health. 1 While there are dietary sources of vitamin D, the main source (over 95%) is through exposure of 7-dehydrocholesteraol in the skin to ultraviolet radiation (UV) followed by two hydroxylation steps. 2 It has been estimated that Vitamin D production is maximised following exposure to one-third of a MED (Minimal Erythemal Dose). 2 Increasing the surface of the skin exposed to UV radiation also decreases the amount of time required to synthesize a given amount of vitamin D. It is known that UV induced DNA damage increases linearly with total exposure to sunlight. However the concentration of pre-vitamin D reaches a threshold after less than one MED. Thus increasing exposure of the skin to the sun does not necessary result in increased vitamin D production. 3 Epidemiological studies have suggested that low vitamin D status may be associated with an increased risk of cancer. [4] [5] [6] Results from a US survey found no association between overall cancer mortality and serum vitamin D levels, but reported an approximate 70% reduction in risk of death from colorectal cancer. 7 Additionally, other studies have shown small survival benefits for melanoma, lung cancer and NonHodgkin lymphoma associated with sun exposure. [8] [9] [10] [11] However, as most of these studies have been of an ecological or case-control design, and therefore subject to several biases, their results should be interpreted with caution.
It is well known that UV exposure is the primary cause of the vast majority of nonheritable skin cancers. 12 For squamous cell carcinoma (SCC) in particular the risk increases linearly with total sun exposure. [13] [14] [15] [16] In Australia, the lifetime risk of developing melanoma or non-melanoma skin cancer (NMSC) is 1 in 30 17 and 1 in 2 18 respectively, testimony to the mismatch between skin pigmentation and UV exposure. 19, 20 Therefore weighing up the health benefits and harms associated with UV exposure are challenging and continues to be debated.
The amount of UV exposure required to maintain adequate levels of vitamin D depends on several factors including latitude, ozone depletion, skin colour, sensitivity of skin to UV, and age, and research is ongoing to understand these complex relationships. 21 [24] [25] [26] In a position statement released in 2007, the Cancer Council Australia in collaboration with leading medical bodies indicated that in summer anywhere in Australia a person with fair skin is able to achieve adequate levels of vitamin D (> 50 nmol/L) by exposing their face, arms and hands to sunlight for only a few minutes either side of the peak UV times on most days of the week. In winter, in areas at higher latitudes where UV is lower, individuals may require two to three hours exposure over a week. 27 It is now recommended that sun protection practices be reduced during winter months for those living at higher latitudes, 28 while no such policy change has as yet been made by health authorities in lower latitude areas such as Queensland.
In 2004, we conducted a population-based survey to assess cancer risk factors and cancer screening behaviours. At that time we obtained information on attitudes towards sun protection and vitamin D and found that 15% agreed, and 39% were unsure, with the statement that ""if I regularly protect my skin from the sun I am in danger of not getting enough vitamin D". 29 Since that survey was conducted a significant amount of media attention has focussed on the issue of vitamin D deficiency, sun protection and cancer. A recent study in Australia examined trends in media coverage about skin cancer prevention, and found a significant increase in coverage of issues surrounding vitamin D. Further, this research highlighted that articles were more likely to report a "negative" effect of sun protection where they referred to vitamin D. 30 Given the recent increased media attention on the issue of vitamin D and health, and the level of population uncertainty, [31] [32] [33] we wanted to monitor attitudes and possible changes in sun protection behaviour due to concerns about healthy levels of vitamin D over time.
The aims of this project were to examine whether the prevalence of those who agree that sun protection may result in not getting enough vitamin D has changed since 2004, to assess if in consequence the population has changed their sun protective behaviour, and that of their children, due to concerns about vitamin D and to examine factors associated with these attitudes and behaviours in a high UV environment. Data were obtained using computer-assisted telephone interviews (CATI) utilising a structured questionnaire. We collected information on:
Material and Methods
Skin cancer risk factors: hair, eye and skin colour; sensitivity of skin to the sun, ability to tan, previous history of skin cancer. 
Statistical Analysis
Descriptive statistical analyses were used to summarise participants' characteristics and proportions were compared using Chi-Square tests. For questions asking participants' level of agreement or disagreement with certain statements, we collapsed five categories into three due to small numbers in some categories. Multivariate logistic regression models were fitted to examine predictors of 1) attitudes and 2)
predictors of sun protection behaviour change. All variables with significant (p<0.05) bivariate associations as well as variables of a-priori interest (age, sex, skin colouring)
were entered into the multivariate models. All analyses were weighted by age, gender and geographic location so that the actual results reflected the Queensland population 20 to 70 years. As there were no significant differences between rural and urban participants for any variables of interest, results are not reported further. All data were analysed using SAS version 9.1. 
Results
Of a total of 4,468 eligible households, 2,001 completed the survey (response rate=45%). Table 1 provides a description of the study group. Mean age was 45 years (similar for men and women). Approximately one-third had children under the age of 13 years and 25% had obtained a university degree. In relation to skin cancer risk factors nearly two-thirds (60%) had fair skin and around one-quarter (24%)
indicated their skin tended to burn and not tan after exposure to the sun (Table 1) . (Figure 1 ).
Knowledge about vitamin D
Approximately one-third of the group identified fatty fish as a source of vitamin D.
More women than men identified milk as a source of vitamin D (36% and 28% respectively) (χ 2 21.3, p <0.001). The majority of participants (82% of men and 90% of women) identified that vitamin D can be obtained by exposing the skin to the sun.
How much sun (UV exposure) do you need to maintain a healthy vitamin D level?
Nearly one-third of participants (32%) thought a fair-skinned person needed at least 30 minutes in the sun per day between the hours of 10am and 3pm in summer to maintain a healthy vitamin D level and for winter, 47% indicated 30 minutes or more was required on a daily basis (Figures 2 and 3 ).
Attitudes and behaviors
When asked "If I regularly protect my skin from the sun, I am in danger of not getting enough vitamin D" 32% agreed or strongly agreed and 16% were unsure.
Approximately 16% of participants intended to, and 21% indicated they already had, reduced their sun protective behaviours due to concerns about vitamin D levels. No significant differences were observed between men and women, or according to age. Of those who indicated they had changed their sun protective behaviours, approximately 20% did so on the advice of a health professional, and this was significantly more common for men (χ 2 9.5, p=0.002), and for those 60 years or older (χ 2 6.0, p=0.05) ( Table 2) .
Who is concerned about Vitamin D?
In the multivariate model ( Table 3) .
Who has changed their sun protection behaviour due to Vitamin D concerns?
Participants showing an increased likelihood of reducing their sun protection behaviours included those with a gross annual household income of less than $60,000 (OR=1.33, 95% CI 1.09-1.73), and a tendency to tan and not burn (OR=1.34, 95% CI 1.09-2.01).
Participants indicating they covered up outdoors some of the time were nearly 80% more likely to have changed their sun protection behaviours. There were no variables within the fully adjusted model associated with a decreased likelihood of reduced sun protective behaviours (Table 4) .
Vitamin D, sun (UV) exposure and sun protection for children
Approximately one third (31%) of parents said they thought their child needed at least 30 minutes a day in the sun in summer, and 43% indicated they required at least 30 minutes in winter (Figures 2 and 3) . Over three-quarters (77%) thought their child was maintaining a healthy level of vitamin D. However, 12% were concerned their child was not maintaining a healthy vitamin D level, and nearly 14% had actually changed the sun protection behaviours for their child (Table 2 ).
In a logistic regression analysis factors associated with an increased likelihood of having reduced the sun protective behaviours for their children included parents with a high school 
Discussion
Within the past 4 years, since our last cross-sectional survey 29 in the Queensland population, the percentage of people agreeing with the statement that sun protection could lead to not having enough vitamin D has increased by about 15 percentage points or 100%
to a current figure of 32%. While both surveys were cross-sectional and did not interview the same people at both time periods, the surveys were conducted in the same population. Due to the complexity of the vitamin D issue and the variety of factors people need to take into account when calculating sun exposure, such as their skin type, occupation, location of residence, cloud coverage and so on, a more individualised approach of information provision must be taken. This is not uncommon in health. For example, a similarly complicated picture of potential benefits and risks exists with regards to information provision around screening for prostate cancer using prostate specific antigen (PSA). The current recommendation in Australia is to provide men with decision aids to make an informed choice. 40 In this study we found that approximately half those surveyed had heard about vitamin D through the media and only a minority through a doctor or other health professional. Thus given the complexity of this issue it maybe necessary for health professionals to take a more active educative role.
Around one-third of those surveyed thought that vitamin D helped prevent cancer. A number of studies have reported inverse relationships between vitamin D and incidence or mortality for some cancers (primarily prostate, colorectal and breast cancer), 5, 6, [41] [42] [43] and these studies have tended to feature prominently in the popular press. It should be noted however that a number of these studies have examined the effect of vitamin D supplementation in their intervention and not increased sun exposure. Other studies failing to find a relationship between vitamin D levels and the prevention of cancers [44] [45] [46] [47] [48] have received less press. The conflicting results of these studies highlight the uncertainty surrounding the possible cancer preventive benefits of vitamin D. Meanwhile evidence that excessive sun exposure is the main cause of skin cancer has been available for decades.
13,
49-52 Skin cancer is associated with significant morbidity, and associated health care costs. 53, 54 Additionally, it is estimated that melanoma will account for 8,420 deaths in the USA in 2008 and has accounted for over 1,200 deaths in Australia in 2003. 17, 55 Some evidence now suggests a stabilisation in the incidence of melanoma in younger cohorts, which has been attributed to two decades of public health messages. 56 Recent media reports could be responsible for our observation of an attitude and behaviour change with regards to sun protection.
In this study participants who agreed that they may be in danger of not obtaining enough vitamin D if they regularly protect their skin displayed a tendency towards increased levels of sun exposure, e.g. believed that a suntanned person looked healthier and thought that more than 10 minutes of daily sun exposure were required for a healthy vitamin D level. It is therefore possible that those who usually display less sun protective behaviours now feel they can "legitimately" go unprotected. There has been strong evidence to suggest that those who purposely attempt to tan are likely to be young adults and teenagers who have sun sensitive skin. 57 However this is also the group who is least likely to have low levels of vitamin D. 3 It would be beneficial therefore for media reports to also feature the potential harms associated with increasing sun exposure or reducing sun protection.
Strengths of this study are its large sample size and population-based design. Limitations include the response rate of approximately 45%. While this could be considered low, it is in line with many studies where ascertainment is by random digit dialling. Some recent methodological studies have failed to show associations between response rates and bias. 58, 59 We compared our study sample to ABS Population Census figures and found it broadly representative of the Queensland population with the exception that our participants were slightly more educated, married, and in full-time work. 34 An additional limitation is that the cross-sectional nature of the survey prohibits the establishment of causality.
This study has provided evidence regarding the level of population uncertainty and concern about vitamin D and sun exposure, leading to reduced sun protection practices in up to 20%
of the population. This is of great concern, as this part of Australia has the highest rates of skin cancer in the world, with high levels of year round UV radiation. There is also evidence that the current tailoring of public health messages regarding sun exposure and vitamin D, are causing confusion in the population. There is an urgent need to re-focus health messages regarding sun exposure and the need for continued sun protection practices. If not potentially we may witness an increase in rates of skin cancer in the future. 
